Abstract. Patterns of intraspecific variability of ingested plastic loads in seabirds were examined for species collected off southern Africa. The incidence of plastic pollution was shown to be increasing during the 1980s. Both large-and small-scale geographic variation in plastic loads occurred as a function of variable plastic density in the environment. Intergenerational transfer of plastic particles was identified as an important pathway for plastic flow in those species that accumulate plastic particles and feed their chicks by regurgitation. This pathway can account for higher plastic loads in nonbreeders and failed breeders than in birds that breed successfully, and such results need not indicate adverse effects from plastic ingestion. Intergenerational transfer resulted in annual cycling of plastic loads in successfully breeding birds. In species that do not regurgitate indigestible stomach contents, immature birds have the largest plastic loads and are most likely to exhibit adverse effects from plastic ingestion.
INTRODUCTION geographic differences, sex, age, and long (inter-
The effects of plastic ingestion on seabirds are annual) and short (intra-annual) time-scales. I unknown (Day et al. 1985 , Furness 1985a , van examine each of these factors, with special emFraneker 1985) and studies to determine the phasis on age-related and short time-scale variresidence time and fate of ingested plastic par-ation. titles are a priority (Furness 1985b ). The only evaluation of plastic flux through seabird pop-METHODS ulations to date is that of Day (1980) and Day The incidence of plastic in 60 seabird species was et al. (1985) , based on changes in the numbers and state of wear of plastic particles in seabirds sampled between 1979 and 1985 (Ryan 1988 ). The incidence of plastic in most species was decollected throughout the year. These authors considered the observed fluctuations solely in termined by dissecting out the stomach contents.
terms of changes in the rate of ingestion, balFor Wandering Albatrosses (Diomedea exulans) anced by erosion of particles in the stomach. This and giant-petrels (Mucuonectes spp.), incidence approach is simplistic for some species and has was determined from regurgitations (Ryan 1988 ). been questioned (Furness 1985b shapes of which often are obscure.
Nonparametric statistics (Chi-square, log-likeplastic pollution at sea for some time, and the lihood ratios, Spearman' s rank correlations, levels in birds presumably also will continue to Fisher' s exact tests, and Mann-Whitney U-tests) rise. were used to test the significance of all comparisons made (Zar 1984 Plastic in seabird chicks comes from their parents; this allows insight into plastic flux through seabird populations. If particles fed to chicks derive solely from particles ingested on foraging trips during chick rearing, the rate of accumulation in chicks gives a minimal estimate of the natural ingestion rate. Coupled with the known incidence of ingested plastic, these data would allow calculation of the rate of wear of plastic particles in seabird stomachs. Alternatively, if particles fed to chicks derive both from particles stored in the parents' gizzards and from those ingested during the chick-rearing period, loss to chicks would form an additional mechanism for the removal of accumulated plastic particles in species that regurgitate indigestible stomach contents only when feeding chicks.
Evidence from Blue Petrels suggests that the latter explanation is correct; plastic particles in chicks were significantly smaller than were those in adults (Fig.-1; x2 = 42 .35, df = 5; P < 0.001). This result is consistent with the hypothesis that chicks are fed particles that have been stored in the parents' gizzards for some time, and thus are smaller as a result of wear within the parents' stomachs. In addition, ifplastic loads fed to chicks represented only that plastic ingested by adults during the chick-rearing period, adult Blue Petrels would have to ingest a plastic particle approximately once every 2 days, giving a particle turnover time through wear (during the nonbreeding season) also measured in days. Albatrosses are known to retain indigestible objects in the stomach for up to 6 weeks ( A consequence of the transfer of accumulated plastic particles from parents to chicks is that it should produce smaller plastic loads in successfully breeding birds than in nonbreeders or failed breeders (i.e., pairs that failed before egg hatching). Among Broad-billed Pi-ions collected at Gough Island during the chick-rearing period (October/November), birds with well-developed brood patches contained plastic significantly less frequently (six of 38) than did those lacking a well-developed brood patch (five of 10; G = 4.66, df= 1; P < 0.05). Day ( The seasonal variations in plastic loads in seabirds collected off southern Africa also support the annual cycle hypothesis. Plastic loads in Blue Petrels collected in April (postbreeding) were significantly smaller than were those in birds collected during August to September, just prior to the breeding season (Table 1 ; U,,,,, = 389,367.5; P < 0.05, 0.1; for number and mass of plastic particles, respectively). There also was significantly more pumice in adult Blue Petrels collected prior to the breeding season than in birds collected after the breeding season (Table 1; u ,5,,5 = 321.5, 322; P < 0.001; for number and mass of pumice, respectively).
Similarly, the frequency of occurrence of plastic in White-chinned Petrels and Sooty Shearwaters (Pujjhus griseus) was greater during the prebreeding period than during the postbreeding period (Table 2) although the difference was sig- Fisher' s exact test). The greatest frequencies of occurrence of plastic in these two species off the southwestern coast of South Africa occurred during the breeding season (Table 2) , when only nonbreeding birds were present. The annually cyclical fluctuations presumably are damped in these data sets because of the inclusion of immature birds, which cannot readily be distinguished from adult birds during the nonbreeding season.
FLUX OF PLASTIC THROUGH SEABIRD POPULATIONS
The annual cycle hypothesis assumes that the intergenerational transfer of plastic is the most important pathway for plastic flux in those species of seabird that feed their chicks regurgitated meals. The ingestion-regulated model of Day (1980) and Day et al. (1985) , in which variable ingestion rates, balanced by fairly constant erosion, determine plastic loads, can be replaced for these species by a new model in which a more constant ingestion rate is countered by fairly constant erosion plus a regular dumping of accumulated particles into chicks by successful breeding birds (and birds that at least reach the chick-rearing stage). I do not doubt that temporal variations in ingestion rate occur, but feel that these are negligible compared to transfer to chicks, given that the lifespan of plastic particles subject to erosion within seabird stomachs is of the order of years ( 
